The influence of temperature on the activity of the respiratory electron transport system (ETS) was measured in one clone of Daphnia hyalina Â galeata and one of Daphnia cucullata Â galeata, isolated from Lake Bled (Slovenia). The ETS activity of ovigerous females acclimated to 7, 20 and 25 C, was measured at 5, 10, 15, 20, 25 and 30 C. Population growth experiments showed that D. cucullata Â galeata grew better at high rather than low temperatures. Daphnia hyalina Â galeata, however, grew more successfully at low temperatures than did D. cucullata Â galeata. The highest Q 10 of ETS activity of D. cucullata Â galeata at the lowest temperature range of 5-15 C indicated the absence of enzymes that could function sufficiently well at low temperatures. The ETS activity of the warmacclimated hybrid D. hyalina Â galeata reached a maximum at an incubation temperature of 20 C, while D. cucullata Â galeata had maximal ETS activity at 25 C. Thus D. cucullata Â galeata has a more efficient enzyme system than D. hyalina Â galeata at the higher temperature. The higher Arrhenius activation energy (E a ) for D. cucullata Â galeata than for D. hyalina Â galeata indicates that enzymes from D. cucullata Â galeata are more temperature sensitive than those from D. hyalina Â galeata. In conclusion, the ETS of D. cucullata Â galeata is adapted to a higher temperature and to narrower temperature fluctuations than that of D. hyalina Â galeata.
I N T R O D U C T I O N
The influence of temperature pervades zooplankton ecology both directly and indirectly, affecting every organism and process from zooplankton physiology to community ecology (Moore et al., 1996) . The body temperature of most invertebrates is determined by their immediate environment, so adaptation to environmental temperature might be expected (Borgmann, 1978) . Marked thermal differentiation among clones from a single population was observed in Daphnia magna Straus 1820 (Carvalho, 1987; Carvalho and Crisp, 1987) and in Daphnia pulex Leyding 1860 (Loaring and Hebert, 1981) . Major clonal frequency changes between seasons were directly related to differences in thermal tolerance of specific genotypes (Carvalho, 1987) .
In the glacial European lakes, three species of Cladocera commonly coexist: Daphnia hyalina Leyding 1860, Daphnia galeata Sars 1864 and Daphnia cucullata Sars 1862. Zooplankton populations frequently contain animals that are morphologically typical for the species, together with individuals of an intermediate phenotype (Wolf and Mort, 1986) . A study of the seasonal dynamics of metabolic activity in the Daphnia community in Lake Bled (Simčič and Brancelj, 2001) revealed that the dominant Daphnia taxon throughout the year was the hybrid D. hyalina Â galeata. Daphnia cucullata Â galeata was also present during the warmer part of the year from May to November, reaching its peak density in July and August. Daphnia hyalina Â galeata performed intensive diurnal vertical migrations during the summer, while D. cucullata Â galeata hybrids were present in the epilimnion of the lake and showed minimal diurnal vertical migration (Brancelj et al., 1999) .
The activity of the electron transport system (ETS) is a biochemical measure of the potential metabolic activity. It shows the value of oxygen consumption that would occur if all enzymes functioned at maximum activity (Muskó et al., 1995) . An ETS assay was first proposed by Packard (Packard, 1971) , and has since been modified and improved by several authors (Kenner and Ahmed, 1975; Owens and King, 1975; G.-Tóth, 1999) . The assay based on tetrazolium reduction has proved useful for estimating the metabolic activity of different organisms, such as microplankton (Devol and Packard, 1978) , zooplankton (Owens and King, 1975; Borgmann, 1978; Devol, 1979; James, 1987; G.-Tóth, 1992 G.-Tóth, , 1993 Simčič and Brancelj, 2001) , benthic macrofaunal species (Cammen et al., 1990) , sediments (G. -Tóth, 1992; Simčič and Brancelj, 2002) and biofilms (Blenkinsopp et al., 1991) . A positive correlation has been established between ETS activity and respiration rate at a particular temperature Packard and Williams, 1981; del Giorgio, 1992; Arístegui and Montero, 1995a,b) .
Temperature is the major factor influencing seasonal variations in the ETS activity of organisms (Borgmann, 1978; Devol and Packard, 1978; Devol, 1979; James, 1987; G.-Tóth, 1992 G.-Tóth, , 1993 Simčič and Brancelj, 2001 ). Besides mediating the direct effect of temperature on the metabolic potential of organisms, the ETS activity of animals also reflects differences in their thermal tolerance and preference Bamstedt, 1980; Vosjan and Olanczuk-Neyman, 1991; Simčič and Brancelj, 1997 , 2000 , 2001 . The body temperature of most invertebrates fluctuates with that of their immediate environments, so their ETS must function under a wide range of temperatures. Adaptive mechanisms increase metabolic efficiency at low temperature and decrease it at high temperature, thus achieving homeostatic control over their enzyme reaction ). An animal gradually undergoes all compensatory biochemical adaptations to changed temperature. There are a number of adaptive changes in both enzyme structure and function, and lipid membrane structure and physical properties (Randall et al., 1997) . Depression of enzymatic activity in animals exposed to low temperature can be compensated by increasing the effective enzyme activity with an increase in the enzymesubstrate affinity or by decreasing the free energy of activation. At high temperatures the enzymes have low enzyme-substrate affinity or a high free energy of activation. The Arrhenius activation energy (E a ) reflects changes as it plays a role in the adaptive process because of its role in decreasing the free energy of activation . Thus, low E a values are characteristic of coldadapted animals and of animals that are adapted to wide temperature fluctuations (Vosjan and Olanczuk-Neyman, 1991) . The temperature dependence of ETS activity in plankton reflects the different characteristics of the isoenzymes involved (Packard, 1971) and the changes in enzyme concentration resulting from alteration of environmental factors (Bamstedt, 1980) . Therefore, animals which prefer and tolerate lower temperatures have, after adaptation to low temperature, higher ETS activity at lower incubation temperatures in comparison with animals which are unable to acclimate to low temperature . The respiratory enzymes of animals that tolerate higher temperatures remain fully active at high temperatures (Yurista, 1999) .
The results of a previous study (Simčič and Brancelj, 2001) showed that temperature had a major influence on the metabolic activity of the Daphnia community in Lake Bled. Animals of different genotypes, collected directly from the lake, were used as experimental organisms and were determined according to their morphology. Besides temperature, however, they were exposed to other environmental factors which could influence their metabolic activity. To clarify the specific influence of temperature on ETS, therefore, all other factors had to be excluded.
The aim of the present study was to examine the differences in ETS activity between two clones of Daphnia hybrids: D. hyalina Â galeata and D. cucullata Â galeata. We tested the hypothesis that the ETS of D. hyalina Â galeata was adapted to lower temperatures and to wider temperature fluctuations than that of D. cucullata Â galeata. To this end, population growth experiments on both hybrids were carried out at three temperatures. ETS activities of D. hyalina Â galeata and D. cucullata Â galeata, acclimated to low and high temperatures, were measured at six temperatures to identify the differences in ETS activity in the two hybrids.
M E T H O D Determination and culturing of clones
One clone of D. hyalina Â galeata and one of D. cucullata Â galeata were isolated in July 1998 from Lake Bled. Allozyme patterns in both clones were analysed by electrophoresis as described by Hebert and Beaton (Hebert and Beaton, 1989) . Genetic differences were observed at the aminoaspartate transferase (AAT) E.C. 2.6.1.1, aldehyde oxidase (AO) E.C. 1.2.3.1 and phosphoglucomutase (PGM) E.C. 5.4.2.2 loci (P. Spaak, Dübendorf, personal communication). Both clones were cultured for several months in the laboratory to ensure a steady-state population. Animals were kept in 10 L aquaria at 7, 20 or 25 C. Animals of both hybrids were exposed to the experimental temperatures for at least 7 days before ETS activity measurements, because it has been shown that animals attain equilibrium ETS activity after 3-4 days (Bamstedt, 1980) . Animals were fed with a suspension of Scenedesmus quadricauda and yeast. After feeding, the food level was between 1 Â 10 5 and 2 Â 10 5 cells mL À1 for S. quadricauda and between 5 Â 10 6 and 6 Â 10 6 cells mL À1 for yeast. Healthy-looking, adult ovigerous females were selected as experimental animals. Animals were starved for 3 h before being used in analyses.
Population growth experiments
Ten ovigerous females of similar size from the clone of D. hyalina Â galeata and the clone of D. cucullata Â galeata were placed in bottles, each containing 1 L of filtered water from Lake Bled (filter mesh size 60 mm). Starting animals were collected from the same container kept at 20 C, to assure that they had similar age and number of eggs. Three replicate bottles of each hybrid were started at the same time to avoid other factors that might affect the experimental conditions. Experimental bottles were kept at 7, 20 and 25 C. Temperature was measured using a WTW MultiLine P4 universal instrument nine times at 7 C, ten times at 20 C and four times at 25 C for both hybrids. Actual temperatures of media during population growth experiments were 7.4 AE 0.9 at 7 C, 19.8 AE 1.2 at 20 C and 24.6 AE 1.0 at 25 C (mean AE SD). Data represent temperature conditions for both hybrids because there were no differences in values between them.
Before feeding half of the water was changed every second day. Animals were fed every day with a suspension of S. quadricauda and yeast. The food level was kept relatively constant during the experiments to provide similar food conditions for both hybrids at all temperatures. After feeding, the food level was 1 Â 10 5 À2 Â 10 5 cells mL À1 for S. quadricauda and 5 Â 10 6 À6 Â 10 6 cells mL À1 for yeast. The optimal duration time of population growth experiments was determined in preliminary studies. The maximal number of individuals per population of the less successful hybrid was considered as an indicator of optimal duration time at 7 and 25 C (i.e. D. hyalina Â galeata at 25 C and D. cucullata Â galeata at 7 C), but at 20 C, the number of individuals of D. hyalina Â galeata populations started to decrease after 10 days as a result of high density (Simčič, unpublished data) . Additionally, it was also taken into consideration that all metabolic processes were slower at low temperature and, vice versa, at high temperatures changes in metabolism occurred more quickly, so it was expected that differences between populations would be observed at all temperatures, in spite of different experimental times. Therefore, population growth experiments lasted for 20 days at 7 C, for 10 days at 20 C, and for 9 days at 25 C. After these times, animals were killed in formalin solution. Body length was measured from the top of the helmet to the base of the spine using Soft Imaging System, GmbH, analySIS 3.0, Münster, Germany, and the number of eggs was determined. Population growth rates (r) were estimated as:
where N 1 and N 2 were the absolute population sizes on sampling days t 1 and t 2 .
ETS activity and respiration rate measurements
ETS activity was measured according to the method developed by Owens and King and improved by G.-Tóth (Owens and King, 1975; G.-Tóth, 1999) . Fifty ovigerous females were used for each analysis. Four replicate analyses of animals from each pre-acclimation temperature were performed for each incubation temperature. Before experiments animals were rinsed with filtered water to remove bacteria and algae adhering to the body surface and were placed on filter paper to remove excess water. They were then placed on a pre-weighed piece of aluminium foil and weighed (resolution 10 mg). Animals were homogenized in 4 mL ice-cold homogenizing buffer [0.1 M sodium phosphate buffer pH 8.4, 75 mM MgSO 4 , 0.15% (w/v) polyvinyl pyrrolidone, 0.2% (v/v) Triton-X-100] using a Potter (Ika) for 2 min at 500 r.p.m. and an ultrasonic homogenizer (Cole-Parmer) for 20 s at 40 W. The homogenate was centrifuged for 4 min at 0 C at 10 000 r.p.m. Then, 0.5 mL supernatant (in triplicate) was incubated with 1.5 mL substrate solution [0.1 M sodium phosphate buffer pH 8.4, 1.7 mM NADH, 0.25 mM NADPH, 0.2% (v/v) Triton-X-100] and 0.5 mL reagent solution (2.5 mM 2-p-iodo-phenyl 3-p-nitrophenyl 5-phenyl tetrazolium chloride) for 40 min at 5, 10, 15, 20, 25 and 30 C. After adding 0.5 mL of stopping solution [formalin(conc.):H 3 PO 4 (conc.) = 1:1], the formazan production was determined spectrophotometrically from the absorbance of the sample at 490 nm against the blank. ETS activity (units: mL oxygen per mg dry weight per h; mL O 2 mg DW À1 h
À1
) was calculated according to Kenner and Ahmed (Kenner and Ahmed, 1975) :
where Abs 490nm is the absorption of the sample; V r is the final volume of the reaction mixture (3 mL); V h is the volume of the original homogenate (4 mL); V a is the volume of the aliquot of the homogenate (0.5 mL); S is the sample size (mg dry mass); t is the incubation time (min); and 1.42 is the factor for conversion to volume of O 2 . The dry weight of animals was calculated using a conversion factor determined by drying seven samples of 50 ovigerous females from the same population for 24 h at 60 C. Conversion factors for D. hyalina Â galeata and D. cucullata Â galeata were 0.055 and 0.050, respectively.
To determine the ratio of ETS to respiration rate (R) for D. hyalina Â galeata and D. cucullata Â galeata, R and ETS activity were measured in females which were preacclimated to 20 C. After respiration measurements, the same animals were used for ETS activity measurements to obtain ETS:R ratios. Respiration rate was measured using a twin-flow microrespirometer (Cyclobios, Austria) at 20 C as described in Gnaiger (Gnaiger, 1983) . In measurements with an open-flow system the concentration of oxygen was measured before and after the chamber containing the animals. The oxygen consumption was calculated from the reduction of oxygen concentration and the flow rate of the water. For each measurement 50 ovigerous females were used. Five replicate samples were measured per hybrid. The measured respiration rates represent the demands for basal metabolism and expenditure on locomotion, while expenditure on filtration and specific dynamic action was minimal, because the animals were not fed just prior to or during the experiments (Philippova and Postnov, 1988) .
Calculations
The temperature coefficient, Q 10 , was used to characterize the increase of ETS activity with temperature. The magnitude of the acceleration of the metabolic rate is obtained by the ratio of rates resulting from a temperature increase of 10 C, according to the equation (Lampert, 1984) :
where R 1 and R 2 are the measured respiratory rates and T 1 and T 2 are the corresponding temperatures.
The thermodynamic response of ETS activity over the whole temperature range was shown in terms of the Arrhenius activation energy (E a ). The numerical value of E a is a 'temperature characteristic', which describes the accelerating influence of temperature on the metabolic rate. A higher value means a stronger response to small temperature changes. It is obtained from the least squares slope of a plot of ln (ETS activity) against the reciprocal of the absolute temperature (Ivleva, 1980; Robinson and Williams, 1993) according to the equation:
where E a is expressed in kJ mol À1 , R gc is the gas constant (8.31 J mol À1 degree
À1
), and S is the slope of the Arrhenius plot.
A two-way factorial analysis of variance (ANOVA) on population growth rates with hybrid and growth temperature as fixed factors was performed to test different population growth of both hybrids at different growth temperatures. Two-way factorial multivariate analysis of variance (MANOVA) with hybrid and growth temperature as factors, including several variables (i.e. number of animals per bottle, length of the smallest juvenile, length of the smallest female, length of the largest female, total number of eggs per population, maximum number of eggs per female, average number of eggs per female, average length of individuals) was used to test differences between populations of both hybrids. Three-way factorial ANOVA on ETS activities with hybrid, acclimation temperature and incubation temperature as fixed factors was used to test differences between the factors investigated.
Student's t-test was used to test differences between ETS:R ratios of both hybrids. Statistical analyses were performed using statistical package SPSS release 11.
R E S U L T S Population growth experiments
Population growth experiments showed that population growth rates differed between hybrids and between growth temperatures as well ( Table I ). The populations of D. hyalina Â galeata and D. cucullata Â galeata hybrids grew maximally at 20 C, but differences between the hybrids were observed at both low and high temperatures. Daphnia hyalina Â galeata had higher population growth rates than D. cucullata Â galeata at 7 C, and lower than D. cucullata Â galeata at 25 C (Table II) . The results of the two-way factorial MANOVA including several variables also revealed that there were differences between hybrids and between growth temperatures (Table III) . At the low temperature, 7 C, the D. hyalina Â galeata populations had higher abundance of populations, higher total number of eggs per population and higher maximal and average number of eggs per female than D. cucullata Â galeata (Table IV) . On the other hand, D. cucullata Â galeata populations had higher abundance, higher total number of eggs per population and higher maximal and average number of eggs per female than D. hyalina Â galeata at 25 C. Thus, the population of D. cucullata Â galeata survived better than D. hyalina Â galeata at higher temperature, while D. hyalina Â galeata preferred the lower temperature when compared to D. cucullata Â galeata.
ETS activity, respiration rate and ETS:R ratios
Daphnia hyalina Â galeata had lower ETS activity than D. cucullata Â galeata at 20 C (Student's t-test; t = 2.65, d.f. = 5, P = 0.045), but respiration rate did not differ significantly (Student's t-test; t = 1.31, d.f. = 8, P = 0.23) (Figure 1) . The ratios of ETS:R of both hybrids [D. hyalina Â galeata, ETS:R = 1.92 AE 0.19 (mean AE SE); and D. cucullata Â galeata, ETS:R = 1.88 AE 0.25] were not significantly different (Student's t-test, t = 0.15, d.f. = 8, P = 0.88).
Influence of temperature on ETS activity
Results of three-way ANOVA revealed that ETS activity differed between both hybrids and incubation temperatures at all three acclimation temperatures ( Table V) . The ETS activity of D. hyalina Â galeata and D. cucullata Â galeata increased with increasing incubation temperature up to a maximal value at 25 C for all acclimation temperatures, except in D. hyalina Â galeata pre-acclimated on 25 C, where the maximum was observed at an incubation temperature of 20 C (Figure 2 ). Both hybrids had similar ETS activity at the lowest incubation temperatures at all acclimation temperatures, but at higher temperatures, D. cucullata Â galeata had higher ETS activity than D. hyalina Â galeata. An exception was observed in animals, pre-acclimated at 25 C, when both hybrids had similar ETS activity from 5 to 20 C. However, absolute values of ETS activity were difficult to compare between both hybrids because of their different body size. Therefore, it was expected that the smaller D. cucullata Â galeata would have higher ETS activity than D. hyalina Â galeata when the efficiency of respiratory enzymes of both hybrids was optimal. Thus, the similar values of ETS activity observed could indicate suboptimal enzymatic efficiency in D. cucullata Â galeata at lower temperature. In the case of animals preacclimated at 25
C similar values can be explained with warm acclimation of D. cucullata Â galeata which is reflected in lower ETS activity.
Q 10 values were calculated to obtain differences in temperature sensitivity between both hybrids at low and high temperature ranges, separately. Q 10 values of ETS activity ranged from 1.29 for warm-acclimated D. hyalina Â galeata at high temperatures to 4.60 for cold-acclimated D. cucullata Â galeata at low temperatures (Table VI) . Similar Q 10 values for both hybrids were observed for the temperature range 10-20 C. Representative Arrhenius plots for both hybrids are shown in Figure 3 . The Arrhenius activation energy was higher for D. cucullata Â galeata than for D. hyalina Â galeata at all three acclimation temperatures (Table VII) . Both clones exhibited the lowest E a at 20 C. Changes of E a were more pronounced for D. cucullata Â galeata than for D. hyalina Â galeata at both low and high temperatures. 
D I S C U S S I O N
Population growth experiments showed that 7 C was a less favourable temperature for the growth of the populations of the D. cucullata Â galeata hybrid than for populations of D. hyalina Â galeata (Tables I and II) . In contrast, the populations of D. cucullata Â galeata grew better at high temperature than D. hyalina Â galeata. These results are in accord with those of previous studies. The appearance of D. cucullata Â galeata during the warmer part of the year and in the warmer stratum of the lake, in contrast to the presence of D. hyalina Â galeata throughout the whole year in the water column (Simčič and Brancelj, 2001) , also indicates different temperature tolerances and preferences for the two hybrids. The parental species, D. cucullata, appears in the water column during the warmer part of the year (Margaritora, 1985) . Another parental species, D. galeata, also occupies habitats with higher temperatures than D. hyalina (Geller, 1985) . Carvalho and Crisp, who investigated clonal structure of a natural population of D. magna (Carvalho and Crisp, 1987) , also reported that some clones had no seasonal regularity and were present continuously, but some of them appeared for short periods, usually at low densities. The existence of both generalized and seasonally associated clones indicated that the population contained genotypes differing in their physiological flexibility. Carvalho observed significant differences in the thermal response (viability and fecundity) of seasonal clones of D. magna (Carvalho, 1987) . The preferred temperature ranges generally corresponded to those of the season at which clones were most abundant. Differences between clone temperature preferences for low temperature were the greatest between summer and winter clones. Major clonal frequency changes between seasons were directly related to differences in the thermal tolerance of specific genotypes. Therefore, it is reasonable to assume that both hybrids D. hyalina Â galeata and D. cucullata Â galeata also have different thermal tolerances and physiological flexibilities that could be fixed by differences in their ETS.
Differences in ETS activity, respiration rate, and relationship between ETS activity and respiration rate (i.e. the ETS:R ratio) between both hybrids were determined at the standard temperature of 20
C to obtain some basic information on ETS activity and respiration rate for both hybrids. Results revealed that D. hyalina Â galeata had lower ETS activity than D. cucullata Â galeata, but that respiration rate did not differ significantly (Figure 1) . The larger body size of ovigerous females of D. hyalina Â galeata was one of the reasons for the lower ETS activity (Simčič and Brancelj, 2001) . The effect of size on ETS activity was also found in a previous study of five different Daphnia species (Simčič and Brancelj, 1997) . Armitage and Lei also reported that the weight-specific respiration rate of D. ambigua was inversely related to body size (Armitage and Lei, 1979) , because the increase of the respiration rate was slower than the increase of the weight (Peters, 1983) . The reason for lower metabolic activity in larger-size animals is the increasing proportion of metabolically inactive mass with increasing body size (Simčič and Brancelj, 2003) .
The ETS:R ratio is an important index of the organisms' metabolism (Muskó et al., 1995) , and is a measure of the exploitation of the respiratory capacity. In zooplankton, it fluctuates between 0.36 and 4.91 Bamstedt, 1980; Simčič and Brancelj, 1997) . ETS:R ratios for D. hyalina Â galeata and D. cucullata Â galeata revealed that both hybrids exploited the same proportion of metabolic potential for basal metabolism and expenditure on locomotion. It is reasonable to assume that the proportion of energy expended for locomotion and basal metabolism differs between the two hybrids in their natural environment. Daphnia hyalina Â galeata, which undergoes intensive diurnal vertical migration during summer, expends a greater proportion of its energy on locomotion, while the D. cucullata Â galeata hybrid stays in the warmer epilimnion of the lake, has minimal diurnal vertical migration, and expends more energy on basal metabolism. Acclimation under controlled laboratory conditions and acclimatization under complex natural conditions induces phenotypic changes that permit activity over a wide temperature range. The ability for capacity acclimation is genetically limited (Prosser, 1991) . There are a variety of biochemical mechanisms for thermal acclimation: changes in enzyme concentration, alteration of substrate concentration, change in catalytic efficiency in the intercellular environment, and modification of the lipid membrane structure and function (Withers, 1992) . When the environmental temperature is low the organisms require more ATP than can be generated by the existing ETS machinery because of the Arrhenius effect; this can be compensated for by synthesizing additional ETS units (Bamstedt, 1980) . A higher concentration of enzymes causes the activity to be higher at every temperature in cold-acclimated animals, but the Q 10 remains unchanged (Randall et al., 1997) . Our results revealed that Q 10 values of ETS activity ranged from 1.29 to 4.61 (Table VI) . These values are in agreement with reported Q 10 values for both ETS activity (Simčič and Brancelj, 1997) and respiration (Robinson and Williams, 1993) . Q 10 values between both hybrids differed in low (5-15 C) and high (15-25 C) temperature ranges, especially. Therefore, our results indicated that change in enzyme concentration was most probably just one of the acclimation mechanisms in D. hyalina Â galeata and D. cucullata Â galeata. Bamstedt also reported that the enzyme level in Acartia tonsa was kept fairly constant within the naturally occurring temperature range, but that temperatures outside this range could cause changes in the ETS activity that were difficult to predict (Bamstedt, 1980) . However, ETS activity of D. cucullata Â galeata was low at incubation temperatures of 5 and 10 C when compared to an incubation temperature of 15 C at all three acclimation temperatures. In consequence, the highest Q 10 values were observed in D. cucullata Â galeata in the temperature range 5-15 C (Table VI) . In contrast, low Q 10 values of D. hyalina Â galeata for the lowest temperature range revealed an insignificant decrease of metabolic activity at the lowest incubation temperatures. Low Q 10 is characteristic for animals that possess enzyme systems with extremely broad temperature optima, which prevents their inactivation during environmental temperature changes. Such enzyme systems can compensate the drop in the rate of one step with an increased rate of other steps in the sequence as a result of differences in the temperature optima of sequential enzymes (Randall et al., 1997) . Thus, the decrease of metabolic potential of D. cucullata Â galeata indicated the absence of enzymes that could function sufficiently well at low temperature. The relatively high ETS activity of D. hyalina Â galeata at low incubation temperatures could be explained with efficient enzymatic systems. Present results are in accord with those of a previous study (Simčič and Brancelj, 2000) where females of Chirocephalus croaticus dominated at higher temperatures and had higher Q 10 for ETS activity than males.
ETS activity of both hybrids decreased at the highest incubation temperatures (Figure 2) . The reason for this decrease was reversible inactivation of enzymes (secondorder temperature effects) which limited the enzymatic processes outside the usual temperature range (Yurista, 1999) . Incubation temperatures above 20 C revealed the differences between both hybrids, especially in warmacclimated animals. ETS activity of D. hyalina Â galeata reached the maximum at an incubation temperature of 20 C, while D. cucullata Â galeata had maximal ETS activity at 25
C. This indicated that D. cucullata Â galeata had a more efficient enzymatic system than D. hyalina Â galeata at higher temperature. In the case of D. hyalina Â galeata, the incubation temperature of 25 C was out of the naturally occurring temperature range, so thermal denaturation of enzymes was likely at high temperatures. On the other hand, lower ETS activity of warm-adapted D. cucullata Â galeata at incubation temperatures of 25 and 30 C indicated an acclimation response to high temperature, which was reflected in the lower ETS activity.
The Arrhenius activation energy E a also illustrated the influence of temperature on organisms (Figure 3 ). E a values were found to be in the range from 46.2 to 74.3 kJ mol À1 (Table VII) , similar to values reported by others for marine plankton Vosjan and OlanczukNeyman, 1991) for marine plankton. For enzymes, reaction rates are increased by decreasing E a (Withers, 1992) . The higher E a of D. cucullata Â galeata than D. hyalina Â galeata showed that the metabolic potential was more sensitive to temperature changes. In Lake Bled both hybrids live under different temperature regimes; D. hyalina Â galeata is exposed to considerable changes in temperature during diurnal vertical migration in the stratified lake, while D. cucullata Â galeata stays in the warm water of the epilimnion all through the summer (Brancelj et al., 1999) . The results of the present study are in accord with those of Vosjan and Olanczuk-Neyman who found that organisms which live in a relatively stable temperature environment are not adapted to wide temperature fluctuations (Vosjan and Olanczuk-Neyman, 1991) . In this case ETS activity is much more sensitive to temperature variation. A lowtemperature sensitivity of organisms from variable temperature environments protects them against abrupt and frequent changes in activity.
After acclimation to 25 C, E a values in both hybrids increased more than those obtained for animals acclimated to 20 C. Borgmann also found in freshwater zooplankton that the warm-water organisms had a higher E a than the cold-water animals (Borgmann, 1978) . Packard et al. observed higher E a for marine epipelagic zooplankton from warm water than from bathypelagic zooplankton from colder water, but the correlation between E a values and temperature was not statistically significant . Contrary to our expectation, the E a of organisms acclimated to 7 C was not lower than that of organisms acclimated to higher temperatures. The reason for even higher E a at low temperature was the relatively low ETS activities of D. cucullata Â galeata at incubation temperatures of 5 and 10 C in comparison with higher ones. It can be concluded that D. hyalina Â galeata and D. cucullata Â galeata exhibit different thermal preferences, which can be observed as different dependences of ETS activity on temperature. Results of the population growth experiments revealed that D. hyalina Â galeata survived better at lower temperature than D. cucullata Â galeata, and it was less successful at higher temperature. Also, the metabolic potential of D. hyalina Â galeata was less sensitive to temperature change when it was compared to D. cucullata Â galeata. Our findings are in accordance with those of Goss and Bunting who reported that a decreasing upper lethal temperature level accompanies increasing thermal insensitivity (Goss and Bunting, 1980) . It is assumed that the difference in ETS between D. hyalina Â galeata and D. cucullata Â galeata enables the exploitation of habitats which differ in temperature.
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